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No, it won’t.



I concede the debate.



Intravenous “anesthetic” drugs

 Hypnotics

 Propofol, midazolam, etomidate, 

dexmedetomidine, ketamine

 Analgesics

 Fentanyl, remifentanil, hydromorphone

 Ketorolac, acetaminophen, diclofenac

 Relaxants

 Rocuronium, vecuronium, cisatracurium
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Ketamine analogs





What technology can

replace inhaled anesthetics 

for …



Children?



Cardiac Surgery? 



Americans?

Global Status of Target Controlled Infusions of Anesthetics





No innovation in 

intravenous anesthetic delivery

has reached the United States

for 30 years





Target Controlled Infusions

1980s 1990s 2000s







Old-world puppet theater reflects just how antiquated it may seem in the face of current 

technology to be manually administering powerful anesthetic drugs to ill-defined 

endpoints. Against the backdrop evocative of the passage of time, our patient descends 

into sleep while a powerful figure, an overseer of her consciousness, inundates her with 

hypnotic elixir.

















The World is Using TCI

 Over 500 peer-reviewed articles in Medline on 

TCI

 About 25K first generation systems sold 

through 2000.

 Most are now using second generation systems
 Incorporate patient covariates

 Target the effect site

 About 35K second generation systems sold

 Conservative estimate of routine clinical use:

 20 million cases
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The authors collected information from 

• published medical literature, 

• TCI manufacturers, 

• publicly available governmental web sites 

to find evidence of safety issues with the clinical use of TCI. 



 Number of adverse events related to 

pharmacokinetic control in TCI:



 Number of adverse events related to 

pharmacokinetic control in TCI:



 “Not a single report has identified an 

adverse incident that was related to the TCI 

algorithm for a PK-based infusion.”

 Conservative estimate: 20 million cases

 Rule of 3, upper 95% confidence estimate 

of risk is 1 in 7 million





Twenty years have elapsed since Helmut Schwilden first 

outlined the computer algorithm for anesthetic drugs. 

Although these developments began in Germany, American 

investigators added fundamental contributions. How ironic 

that America, the country that brought the world surfing,*

continues to deny physicians access to the fundamental tools 

to surf the concentration response curves of intravenous 

anesthetic agents.

The Beach Boys, Surfin’ USA, Capitol Records, Hollywood, 1963



We have matured somewhat since 2003. We now have a better 

understanding of the statutory limitations that define exactly what 

the FDA can and cannot do. We recognize that no sponsor has 

attempted to bring TCI to the United States since 2003. The FDA 

obviously cannot approve devices for which an application has not 

been submitted.



For a given patient, a TCI device delivers a 

given infusion profile of drug within 

conventional limits of infusion accuracy.

Otherwise, it is just administering an 

approved drug, for an approved indication, at 

doses entirely consistent with the package 

insert.



Why is TCI important for 

innovation in anesthetic drug 

delivery technology?



TCI is imbedded

in closed loop systems
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%Time within target: 81 vs 61, p < 0.0001



Br. J. Anaesth. (1989), 62, 290-296

CLOSED-LOOP FEEDBACK CONTROL OF PROPOFOL

ANAESTHESIA BY QUANTITATIVE EEG ANALYSIS IN

HUMANS

H. SCHWILDEN, H. STOECKEL AND J. SCHUTTLER

If median EEG frequency was outside this range, the difference 

between the measured and predicted values served to adapt the 

model parameters. On the basis of the updated parameters, a new 

infusion scheme was calculated for achieving and maintaining a 

concentration inducing a median EEG frequency of 2.5 Hz.



Journal of Pharmacokinetics and Biopharmaceutics, Vol. 22, No. 6, 1994

Comparison of Some Control Strategies for Three-

Compartment PK/PD Models

Chuanpu Hu, William S. Lovejoy, and Steven L. Shafer

This paper investigates several control strategies in the framework 

of a three-compartment PK model plus an effect site with a PD 

model. Using computer simulations under different assumptions, 

we show that a MAP (maximum a posteriori) Bayesian type of 

strategy is effective, nevertheless in high-risk situations a stochastic

control strategy hedging against estimation errors provides better 

performance at computational cost.



Journal of Pharmacokinetics and Biopharmaceutics, Vol. 22, No. 6, 1994

Comparison of Some Control Strategies for Three-

Compartment PK/PD Models

Chuanpu Hu, William S. Lovejoy, and Steven L. Shafer



Anaesthesia, 1998, 53, pages 749–754

Closed-loop controlled administration of 

propofol using bispectral analysis

E. Mortier, M. Struys, T. De Smet, L. Versichelen and G. Rolly



Anesth Analg 2007;105:1629 –38

Estimation of Optimal Modeling Weights for a

Bayesian-Based Closed-Loop System for Propofol

Administration Using the Bispectral Index as a

Controlled Variable: A Simulation Study

De Smet T, Struys MMRF, Greenwald S, Mortier EP, Shafer SL



British Journal of Anaesthesia 107 (1): 38–47 (2011)

Optimizing intravenous drug administration by applying

pharmacokinetic/pharmacodynamic concepts

Struys, MMRF, Sahinovic M1, Lichtenbelt BJ, Vereecke HEM, Absalom AR



Anesth Analg. 2011 Mar;112(3):546-57.

Closed-loop coadministration of propofol and remifentanil 

guided by bispectral index: a randomized multicenter study

Liu N, Chazot T, Hamada S, Landais A, Boichut N, Dussaussoy C, Trillat B, 

Beydon L, Samain E, Sessler DI, Fischler M



PLOS Computational Biology 2013 9(10)

A Brain-Machine Interface for Control of

Medically-Induced Coma

Shanechi MM, Chemali JJ, Liberman M, Solt K, Brown EN



J. Neural Eng. 12 (2015) 046004

Robust control of burst suppression for

medical coma

Westover MB, Kim ES, Ching SN, Patrick L Purdon PL, Brown EN



Anaesthesia, 2011, 66, pages 1112–1120

Clinical evaluation of a simultaneous closed-loop

anaesthesia control system for depth of anaesthesia and

neuromuscular blockade

Janda M, Simanski P. Bajorat J, Pohl B, Noeldge-Schomburg GFE, Hofmockel R

PD+I Controller

























To Err is HUMAN

 Computers don’t yell, argue, have substance 

abuse problems, fall asleep, get angry, get 

hungry, get moody, get cold, flirt, bully, 

sulk, pee, get sick, get migraines, ignore 

alarms, forget why they are there. 

 We have a responsibility to use computing 

technology wherever we can deploy it to 

reduce human error.



Barriers to Innovation

in

Anesthetic Drug Delivery



Primary candidates for

innovation are generic

Rocuronium PropofolRemifentanil Dexmedetomidine



If innovation in anesthesia drug 

delivery requires changes in the 

product label,

WE WILL NEVER SEE 

INNOVATION IN ANESTHETIC 

DRUG DELIVERY



What about SEDASYS?



$500,000,000



Initiation of MAC Sedation: For initiation of MAC sedation, either an infusion or a slow 

injection method may be utilized while closely monitoring cardiorespiratory function. With 

the infusion method, sedation may be initiated by infusing DIPRIVAN Injectable Emulsion at 

100 to 150 µg/kg/min (6 to 9 mg/kg/h) for a period of 3 to 5 minutes and titrating to the 

desired clinical effect while closely monitoring respiratory function. With the slow injection 

method for initiation, patients will require approximately 0.5 mg/kg administered over 3 to 5 

minutes and titrated to clinical responses. When DIPRIVAN Injectable Emulsion is 

administered slowly over 3 to 5 minutes, most patients will be adequately sedated, and the 

peak drug effect can be achieved while minimizing undesirable cardiorespiratory effects 

occurring at high plasma levels. 

In the elderly, debilitated, or ASA III/IV patients, rapid (single or repeated) bolus dose 

administration should not be used for MAC sedation. (See WARNINGS .) The rate of 

administration should be over 3-5 minutes and the dosage of DIPRIVAN Injectable 

Emulsion should be reduced to approximately 80% of the usual adult dosage in these 

patients according to their condition, responses, and changes in vital signs. (See DOSAGE 

AND ADMINISTRATION .) 

Maintenance of MAC Sedation: For maintenance of sedation, a variable rate infusion 

method is preferable over an intermittent bolus dose method. With the variable rate infusion 

method, patients will generally require maintenance rates of 25 to 75 µg/kg/min (1.5 to 4.5 

mg/kg/h) during the first 10 to 15 minutes of sedation maintenance. Infusion rates should 

subsequently be decreased over time to 25 to 50 µg/kg/min and adjusted to clinical 

responses. In titrating to clinical effect, allow approximately 2 minutes for onset of peak 

drug effect. 



Sedasys is NOT groundbreaking

 The $500,000,000 price tag can never be 

justified for an anesthetic drug delivery 

system.

 Inflexible adherence to the drug package 

insert will kill innovation.

 Sedasys was lucky that rigid adherence to the 

propofol label actually worked.



Overcoming Barriers

 TCI devices give

 approved drugs

 by approved routes

 for approved indications

 at doses that conform to the package insert

 There should be minimal regulatory burden for 

TCI devices since the drug, route, indication, and 

doses are approved.



Redefine “dose”

 If the “dose” of drug administered by new 

technology is “substantially equivalent to the dose 

stated in the package insert”, then the device 

conforms to the label.

 Just a clarification of the phrase “mutually 

conforming dose.”

 Permits infusions to replace boluses

 Permits rapid changes and titrations that only 

computers can accomplish



Innovation Will Eliminate the 

Need for Inhalation Anesthesia

The statement is false,
until there is a path to bringing 

innovation in anesthetic drug 

delivery to the United States



Regulatory Considerations and Closed Loop 

Anesthetic Delivery Systems

Bahram Parvinian

Why will this time 

be different?


